Biochemical mechanism of metallothionein--carbon tetrachloride interaction in vitro.
To elucidate the mechanism underlying the protective effect of metallothionein (MT) against carbon tetrachloride (CCl4) toxicity, in vitro experiments were carried out to study the interaction of metallothionein and CCl4. Results from this study showed that incubation of Cd,Zn-MT with CCl4 in the presence of hepatic microsomes and NADPH resulted in a time-dependent depletion of MT thiols with a concurrent reduction in the metal-binding sites of the protein. Moreover, this reaction also released Zn and Cd from MT. Results from experiments conducted to determine whether or not the CCl4-induced decrease in MT-thiol content was due to the scavenging of CCl4 metabolite(s) showed that the trichloromethyl radical, chloroform and phosgene as well as the products of CCl4-induced microsomal lipid peroxidation were not directly involved. Although covalent binding of 14CCl4 to MT was detected following incubation in the presence of a microsomal bioactivation system, it did not account for the CCl4-induced loss of MT thiol groups for the following reasons: (i) prior oxidation of sulfhydryl groups of MT by hydrogen peroxide did not alter the binding; and (ii) anaerobiosis did not alter the extent of covalent binding but obliterated the inhibitory effect of CCl4 on MT thiol content. Measurement of the thiol content of CCl4-treated MT after treatment with 1,4-dithiothreitol revealed that all the thiol groups that were lost subsequent to CCl4 treatment could be regenerated. These data suggest that CCl4-linked oxidation of MT, rather than the covalent binding of 14CCl4 metabolite(s), may be responsible for the CCl4-induced loss of metal binding sites of MT with the concurrent release of Zn and Cd. However, the precise role of the metal released during the oxidation of MT in CCl4 toxicity remains to be defined.